Survey Report

of the

PortugueseBend Landslide Monitoring Survey

September 19, 204 Full Monitoring , February 7, 2015and April 16, 2015Partial Monitoring

Page

2

3

10

10

11

for the

City of Rancho Palos Verdes
by
McGee Surveying Consulting
February 112015 Revised Jun#0, 2015

INDEX

Subject
PROJECT OVERVIEW
HISTORY
PROJECT DATUMS, REFERENCE SYSTEM
FIELD SURVEYS, DATA COLLECTION, EQUIPMENT & PROCESSING
NETWORK
MAPS OFGNSSNETWORK
MONITORING POINTHISTORY & STATUS
ADJUSTMENTS& ANALYSIS
ACCURACY
QAQC ANALYSIS (QUALITY CONTROL - QUALITY ASSURANCE)
SUMMARY

RECOMMENDATIONS

APPENDIX

12
13
14
15
17
18

CONTOURS OF HORIZONTAL MOVEMENTS

AERIAL PHOTO AND OBLIQUE AERIAL VIEW OF MONITORING POINTS
MONITORING POINT STATUS

COORDINATE LIST- Septembef 9, 2014 (NAD83 Geodetic &Grid Coordinates, NAVD88 Heights)
ADDENDUM REPORT for the FEBRUARY 7, 2015 PARTIAL MONITORING SURVEY
ADDENDUM REPORT FOR THE APRIL 16, 2015 PARTIAL MONITORING SURVEY

ATTACHMENT: MOVEMENT DATA POSTINGXIsx (Monitoring points: periodic and overall movements)



McGEE SURVEYING CONSULTING
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Survey Report
of the
PortugueseBend Landslide Monitoring Survey

September 19, 2013 Full Monitoring
for the

City of RanchoPalosVerdes

by
McGee Surveying Consulting

PROJECT OVERVIEW :

McGee Surveying Consulting performathndslide monitoringandcontrol surveyin Septembe014 at
Portugues®endon behalf of the City of RancHealosVerdes This surveyestablisied positions ormonitoring
pointsto determineoverall andperiodicmovemens. The results of the survey are described in this Report and
onanat t ached s p MOYEMENTEDATA POITING. dsED heifieafter referred to dlsei Mo v e me n t
DataPosting. A two partial monitoring surveys will be performed in the winter and spring of 2015 and reported
as an addendum to this Report.

Thefield surveywas planned, coordinated and executetimhael McGee, PLS3945 of McGee Surveying
Consultingwho was alsaesponsible for the final processing of the observations, network adjustianesisis
and reportsThe monitoring pointsovera 1% mile square areandare measuretb determine theateand
extentof ground movementhe monitoring has occurred annually since 2007, seamuallyfor the last two
years and will be three times a year beginmiith the September 2014 surv@ihe GlobalNavigation Satellite
System (GISSformerly referred tas GP$technologywasusedto measurg@ositions based on the North
American Datum of 1983 (NAD83) and the North American Vertical Datum of 1988 (NAVDI88) survey
is referenced to th€alifornia CGPS (Continuous GPS)ationsan the regiorwhich are permanently mounted
GPSreceiversusedfor monitoring seismic activityThe CGPSn Californiaare similar to the nation@ORS
(Continuously Operated Reference Stations)

Pointsthatmovea fewinches orless per yeaarerequiral to meet & accuracystandardf one centimeter
(0.033 feet) at the 95%evel of Confidence In the active slide area where the movemantsgreater than 0.3
feetper year (PB and UB points in the central portitim@,accuracy standaiid two centimeters (0.066 feeit
the 95% Level of Confidenc€&ield procedurearedesignedo accomplishhis purpose and Quality Control
Quality Assurance (QAQQjrocessesdiscussed hereaftareincorporated to verify tseaccuragesare
attained

The movements reported betwe@ctober4, 2013 andSeptember g4, 2014 (11.5months)statisticallyattained
an averageaccurag of 0.016feet d the 95% Level of Confidenc&heactualaccurag of measurementseld to
the one centimeter standarckestimated t@pproactD.0l feetasdemonstratetdy thevector residuals,
repeatability of measurements at points considstaale andthe analysis of movement deflectionser time
Refer to the sections titted ACCURACd QAQCANALYSIS in this Reporfor moreinformation

HISTORY

This monitoringsurvey is a continuation of a program initiated byGmeinty of Los Angeleand taken over by

the City of Rancho Palos Verdes circa 1994Gee Surveying Consultinrgasconducted théeld surveys and
reporting since September 20@G&ethe September 2007 Survey Report for a history of the previous survey
process between 1994 and 208&e the subsequeartnualSurvey Reports fadetails of each monitoring
campaignBeginning with the 2012 rainy season (begins in September) full monitoring continued as usual and a
partial monitoring was initiated in tHellowing winter-spring.Beginning inSeptembe2014 a full monitoring

will be conducted and partial monitoring Wi be conducted ithe followingJanuary-ebruaryand ApritMay.
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PROJECT DATUMS, REFERENCE SYSTEM

Horizontal Datum: North American Datum of 1983 (NAD8&}ptablished bthe National Geodetic Survey
(NGS); Epoch: 2007.00referred to a NAD83(2007) Units: Feet

Reference Network: The survey is referenced to t8&PSStationg(continuously operatinGNSSreceivers.
For more informatiorsee NG®ata Sheetfor the PID's listed belowno data sheet exists for PVEThe
positiors listed belowwere obtainedn September 200ffom the California Spatial Reference Center (CSRC)
The CSRC provide€A PublicResources Codganctioned positiori®r the California GGPS Stations

CGPS Latitude (. dms) Longitude ( dms) EH(feet ) NGSPID NAME

PVE3 3344 35.853290 - 118 24 15.269036 235.42 none PALOS VERDES CORS
PVHS 3346 46.020150 -118 22 19.741258 853.99 AJ1915 PENINSULA HIGH SCH
PVRS* 3346 25.891904 -118 19 14.067218 198.63 AJ1916 PALOS VERDES RES
VTIS* 3342 45.489584 -118 17 37.712290 197.52 AJ1936 MARINE EXCHANGE

* Not Operational During Survey
** Fallsin the proximity of a Fault Line as shown belbwt appearsinaffected to date

CGPS Stations(noh up)

Vertical Datum: North American Vertical Daturaf 1988 NAVD88) established by thRGS,

Geoid Model: Geoid 03 note Geoid09 became available from the NGS in 2808 Geoid12A in 2012
however, Geoid03 is retained to be consistent with prior reported heights gumuhtaey purposeof
determining relative changeser time
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Reference Network: CGPSStation VTISis alsoa Second Order leveled benchmark drebriginal basis for

the heights by thisurvey(see NGS Data Shedts P| D6s | i)st ed above
CGPS NAVDSS Ht (feet)
PVE3 none

PVHS 972.1 Based on a Refined Geoid Model
PVRS 316.3 7 Based on Second Order Leveling by CSRC
VTIS 315.26 Based on Second Order Leveling by CSRC and original basis for this survey

Projection: NAD83 CaliforniaState Plane Coordinatéene 5 TheState Plan€oordinateParameters
follow: The average Scale Factordi®0007543the Height Reduction Factdrased on the average ellipsoid
heights i90.99999092andthe average Combined Grid Factofi®0006635Distances in this survey are grid
To obtain ground distanséivide grid distances bihe Combinedsrid Factor Grid bearingsesulting from this
survey must beotated by a Convergence Angle to obtain geodgtie) bearingsThe average convergence
ande is-0-12-30+ (rotate left 012-30).

Datum Stability: The NAD83(2007)Epoch2007.00 adjustment @ne ofa series ohationaladjustments of
NAD83 since its adoption in 1986 andlie realizationusedfor thesemonitoring surveys since 200Rancho
Palos Verdes sits on tiRacific Platewvhichis movingwestnorthwesterlyrelative to the North American Plate
about 4 entimeters (0.4 feet) per yearThearea southwesterly of theult Line shown on the above map
includes theCity andis movingat a constant rat&s exhibited by thinternational Terrestrial Reference Frame
(ITRF) north, east and upelocities & the GGPS Stations listebelow. TheseCGPS Stations providerigid
reference frame for the Portuguese Landslide Monitd?iogramthat is validated during each monitoring
campaignSee the Adjustmemesultsbelowandthe September 20Monitoring Survey Report biicGee
Surveying Consultindor additional information

Annual Velocities in  Meters
SITE END DATE N E U START DATE
PVE3 2014.863 0.019 -0.039 -0.000 2000.732
PVHS 2013.965 0.019 -0.040 0.001 1999.512
PVRS 2014.863 0.01 9 -0.039 0.000 1999.094
VTIS 2014.863 0.019 -0.039 -0.001 1998.940

FIELD SURVEYS, DATA COLLECTION, EQUIPMENT & PROCESSING

Three Leica geodetic GNSS receivargennas listed below wengounted on twaneter fixed height poles to
collect satellite signal datdhe GS15 receivers track Navstar GPS and GLONASS satdfiitesto initiating
the field observations @alibration of the fixed height poles was conducted to verify their heights and.plumb
The top of the poles were found to be plumb within Bf@@t of the bottom consistent with prior yeaf$here
were no equipment failures

Sixty-four monitoring pointsvereoccupied and reported this surveySite photographs andecovery sheets
detailing the location, character of the monureanid obstructions wemaintained andpdated See the
Appendix for"Monitoring Point Status MonumentAB61, established itseptembe2007 on Portuguese Paint
is usal asthe primary lasestationin each survepecause it sitabovea stable basalt formation. AB20 serves as
a secondary base for thargeys.

The field survey commenced each day by settihgiea GS15GNSSreceiver on dixed height poleat AB61
andon a tribrach on a tripoat AB20 while athird GS15GNSSreceiver roamed freely collecting observations
onafixed height pole athe othei62 points Pointswith annual movementsssthan 036were measured with
two or moreindependent occupationssuling in a minimum offour vectors to each poifitom AB61 and

AB20. Independent occupations means the points wecapied under a different constellation of satellites
usuallyon a different dayf the two measurementgerewithin 0.03 fee{1 cm) horizontally they were
accepted, otherwise a third measuremedobtained On each day over a six day perivdctorsbased on4

10 hours of observatiormonneced AB61, AB20to the CGPS stationSixteen mints, in the active areawith
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annual movements greater thaB8veresingleoccupied A comparisorwith thelinear movements from prior
yearswasmadeto verify ther accuracy.

Many of the points arevershadowedy mature trees arshrubberies which interfexgith signalsreceived
from satellites andffect the qualityof measuremest To obtain thebestpossible accuraciethe satellite
constellatioris compared with obstruction diagrams to estimate the best time for obsemabgtructed
satellitesTo improve the accuracy of the measurememtgllfes obstructed by foliage and tregseither
turned offduring the observatioor noted for removal in pogtrocessinglf six or more urobstructed satellites
with a GDOP olessthan four(measure of the geometoy strength of figuref the constellationare available,
then the measurement commencedafaninimum ofl5 minutes of data collectiotf the geometry and number
of satellitesare insufficient thetthe receivewasmoved toanothermpoint and returned latevhensatellite
availability improved.

Date of Survey 9/16/14 to 9/22/14 (mean dat®/192014) betweer06001800 PDST (+7 hrs for UTC)
GNSSSurvey Parameters:
Constellation: 30 US NAVSTAR GPS satelliteand24 RussianGLONASSsatellites
Observables GPSL1 & L2 andGLONASS L1 & L2Carrier Waves
Epoch Rate& Occupation Times: 15 secondepochdor 15 minutes andl-10 hoursat base stations
Satellites 12-17; GDOP< 2.1; Elevation Mask for Data Collecticat 15° and Processingt 15°
Ephemeris Rapidfor Static PosProcessingf CGPS connections anddadcast for onsite
Weather: Generally clear skietemperaturé&7°-80° F.
Space Weather Boulder K Indexwas1-3 except it reached between 11012400 hours on 9/19/14jauges
ionospheric activityn ascale of @, 5 or greater can result in noisy dats
Equipment:
GNSSBase Receivednit No.: M5, OperatorM. McGee,PLS; StationOccupied AB61 (Basdl)

Make & Model: LeicaGS15 AntennalLeicaGS15 Mount Fixed Height Pole # Antenna Height1.803n
GNSSRover Receivetnit No.: M6, OperatorM. McGee, PLS;

Make & Model: Leica GS15AntennalLeica GS15Mount: Fixed Height Pole & Antenna Height1.800n
GNSSRover ReceiveUnit No.: M7, OperatorM. McGee PLS, Station OccupiedAB20 (Base2)

Make & Model: Leica GS15AntennalLeica GS15Mount: Tribrach on Tripog Antenna Heightvaries

Vectors wergrocessed using Lei¢aG0 v8.1 post processingoftware Analysisof residuals led to the

rejection of0 out of 29 vectorsconnecting the CGPS StatioinsAB61 and AB2Q andO out of 220 vectors
connectingnonitoring pointsNetwork adjustments and analysis were performed with "StRfeO0 v er si on
7.2.0.21software Rinexfiles of the satellite measuremeifits the CGPSStationsweredownloaced from the
SOPACwebsite The Rapid Ephemerisand AbsoluteAntennaModels were downloadddom the NGSwebsite

NETWORK

AB61, the primary Base Statiositson Portuguese Point and is the focal point of the static network connecting
the monitoring points and CGPS StatioAB20, a second Base Station is centrally located sitting on t@p of

high bluff overlooking Portuguedgend Sixty-four points andwo CGPSStations were connectedth 249

vectors Seethefollowing Network Maps and the Aerial View in the Appendix

The monitoring plamtilizesthe CGPS Stations to verify the stability of the referefiaene The primaryCGPS
Station used to control this survisyPVE3locatedjust south ofCity Hall and1.8 miles weshorthwesiof Base
Station AB61 CGPS StatiofPVHS is2.8 miles north PVRSis 3.9 milesnortheastand VTIS is 4.9 miles east
southeasbf AB61 areused tovalidate the stability of the netwarRuring this survey only PVE3 and PVRS
were operating.
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MONITORING POINT HISTORY and STATUS

For data management purposes during the field survey and data processing, the powengpnefixed with
"M 100 to distinguish betweethe different monitoringsurveys.e. AB61 was named MWAB61. M10indicates
this survey is th&(" monitoring sincehe initial September 2007 Monitoring Survée prefix is stripped in
the COORDINATES LIST and FULL DATA POSTING

Betweenl994and 2006149 monitoring pointsvereestablishedo monitorthe Portuguese Benldanddides,

many of whichwerelost or destroyedSixty of the original points were recovered in 20Bight of the 60 points
were deleted because they were in close proximity of gihiatsbetter suited foGNSSsatellitemeasurements
leaving 52 points monitore@hd reportedbetweerSeptember 2006 and September 20bifee of the 52 points

(AB09, KC11& PB51) were monitored iSeptembeR007 for the last time because they were replaced by new

points, set nearby and better suiteddatellite observationgighteen new pointaerese in 2007andhad their
movements reported for the first time in folowing December 2008 surveYherefore, m December 2008, 49
original and 1&ewpoints were surveyed for a total of 67 monitoring points

In the September 2007 Report, it was noted that KCOJpveasouslyreported byotherson 9/14/2006 to have
moved N 29°E 1.24' from its 12/9/2005 positibmthe 2008 survey, lauriedpartially illegiblebrass cap in
concrete stamped "COUNTY ENGINEER REB881956 STA?AELDS" was foundS31°299N 1.48 feet from
the 1" IPusedby this surveyn the initial Septembe2007 and subsequent surveyhe original1994position
of KCOlwasrereferenced o t IR,@esultihg in correabverall reported movement

In the December 2008 Report, it was noted that Abbeeristurbed by a mowing machin&B05 was
found chipped and leaning to soeitty a b 0 u t Thédmovethent reporting resuchim 2009 Analysis of the
movement and historic data dedit possibletee st i mat e t he di s tToherotigmall®9® t o
position of AB® wasre-referenced514£02E 0 . 2096 consistent with the disturbed positigsulting in
correctoverall reported movemest

In 2009,PB64 was set east of the Archery Range to replace B®62007which hadbecomeunsafe to access
andwas lostin 2010 PB64 was reported for the first time in October 2010.

In 2010, points AB03 and BB25 wedéescontinuel. ABO3 is on the edge of dliff 192 feet wessouthwest of
AB61 making it redundantind BB25is on afreestandingock susceptible talisturtance bywave actionin the
summer of 2010PB62 was destroyed by road constructiarOctober 2010, PB6vas seR46 s -southwest

of PB62 and reportedor the first time inOctober2011 The following points may have been disturlpeibr to

the October 201Gurvey ABO5 appearso have ben disturbed by mower machineB15 (i o0 GI P
box) is driven over by vehicles occasionally accessingahj acent fi el d, and KCO02
occasionally parked on bsehicles accessintpe beach

In October 2011new points AB62and AB63(initially referred to as ABAR and AB6R) were seto replace
ABO06 andABO7 which were hazardous to occugye to their locatiomearthe traveled way of Palos Verde
Drive South

Prior to initiating tke September 2012urvey, eight new monuments AB64, AB65, AB66, AB67, AB68, CR53,
KC17 and PB66vere consucted to replacAB54, AB18, AB52, AB55, AB15, CR52, KC04 and PB53
respectively. The monuments were replaced because of poor sky visibility fatde04 which was difficult

to access and ABSbhichwas destroyed by trenching in the past y®iwnumens were set with the following
design Monumentsseti n s 0 ix0 aGleP ldrandeacaseintian sPVC pi pe si tti
coll ar dowonuadntsetit n 180Dp hax t2d6arreebladr2odri ven kel ow
floating2 @oncrete collar.
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In September 201 DointsAB15, AB18, AB52, AB54, CR52, KC04 and PB53 wereveyed for the last time
anddiscontinuedn October 2013

In April 2014, PB64 was monitored for the last tirdae to unsafe conditions for access BB67( a -@&o t
steel post dr i vweans 3sbe ti natboo utth e3 0gOr 6o unnoepdrtéddor theyfirstdime a r e
in September 2018BB52is on afreestandingock susceptible to disturbance by wave acaonwas

monitored for the last timand discontinued.

In the September 2014urvey, two of the fourCGPS Stations PVHS and VTIS were not operaft@67 wa

reported for the first time but only fdr5months sincehe April 2014 surveywhereas, all other points in the
AMovement Data Postingo ar e r ep o rSeedahd'Mdnitoning Roimte 11 . 5 1
Status$ in the AppendiXor the present status of monitoring points

ADJUSTMENTS & ANALYSIS

Adjustment 1: Minimally ConstrainedAdjustment processed developNAD83 (2007)2007.00 Epoch
GeodeticEllipsoidand State Plan€oordnates.

Fixed Control: CGPS Statiof?VE3was fixedat its publishedNAD83 (2007)positionin a Minimally

Constrained Adjustment tetermine positions anckrify its stability relative tootherCGPS stationdPVE3is
locatedl.8 mileswest ofand outside the influence of thlide areaPVE3has been fixed in all adjustments

since 2007The CSRC publishes a Time Series for the horizontal and vertical stability of PVE3 which indicate
the position has been stalpléor t02007. The primary base station AB61 awteotheroperatingCGPS
Stationswasmeasuredelative to PVE2andused to asss stability of thesurveyreference frameThe positions

are basedn 4 to 10 hour measuremesitollectedover six days. The coordinate differences from previous
positions to the present are listed below in.feet

10/2013 Positions to 09/20 14 9/2007 Positions to 09/201 4

Station dN dE dz Station dN dE dz

PVE3  0.000 0.000 0.000 < Fixed > PVE3 0.000 0.000 0.000

PVRS -0.011 -0.011 -0.003 PVRS -0.00 5 0.00 9 -0.0 16
AB17 0.004 0.029 -0.078 AB17 -0.0 19 -0.0 05 -0.0 62
AB61 0.019 - 0.005 - 0.005 <Base Station> AB61 0.0 02 0.00 4 -0.0 54
CR51 0.001 - 0.006 -0.047 CR51 -0.0 38 0.010 -0. 129
KC16 0.004 -0.023 -0.038 KC16 -0.00 1 -0.0 13 -0.0 58

The following is notedThe base station AB61 has no indication of movement horizontally since 2007 and well
as the CGPS Station PVRS relative to C@&8ionPVE3. Both CGPS Stations are well outside the slide areas.
The vertical differences akeveral stations are larger than seen in past years for which there is no explanation at
this time.The survey reference framedsemedstable andguccessfullyecoveedat the levebf 0.01 feet

horizontally by 0.02 feet verticallgsindicated An adjustment constrained to tbtherCGPS Stations is not
preferredor necessaripecause the purpose here is to track their positions over time to test the stability of the
referenceframeSse e t he @A COOR hiths Appaadixoria 8sTob coordinates resulting from this
adjustmentSee priorSurveyReports for coordinates resulting from earlier surveys

Adjustment 2: Minimally ConstrainedAdjustmentto developOrthometric Height (Elevations)n NAVD88
Fixed Control: TheCGPS StatiofPVE3was fixed horizontally andertically at itsNAVD88 orthometric

height determined in the September 2007 surVbag 2007 height wasalsed on the publishedDrder

NAVDS88 Height of CGPS StatioWTIS. This Adjustmentcombined the measured ellipsoid height differences
with the NGS Geoid 0@nodels theseparatiorbetween the ellipsoid and geoid surfadesjetermine NAVD88
orthometric heightsf the other CGPS tationsandthe monitoringpoints Seethe Adjustment #1 abovior
vertical differences at key points in this survey.
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ACCURACY

These surveys conform to the intent of the Federal Geodetic Control Subcommittee {ISB&H)cations for
GPS RelativePositioning (1988) and the California Geodetic Control Committee (CGREpkcifications for
High-Production GPS Surveying Techniqaé¢$993)

Vector Residuals The number of ectors vectorlengths two dimensional residuals and the absolute value of
the vertical residualsesulting fromAdjustment #larelisted below in feetThirty-four vectors to single
occupied monitoring points are not includeetause they have no residuals aodld optimistically skew the
results. The statistics given below are applicable to all points.

Vector Lengths Two Dimensional Residuals Vertical Residuals (absolute)
Network No.  Vary Average Average Std.Dev. Maximum Average Std.Dev . Range
Monitoring 186 479-7182 3 320 0.00 7 0.00 4 0.0 21 0.0 08 0.0 07 -0.031 to+0.0 28
CGPS 29 13- 20692 14203 0.0 05 0.00 4 0.0 18 0.0 11 0.0 10 -0.023 to+0.0 34

Local Accuracy: Theprecisionsandaccuracyof vectorsresulting from thaninimally constraine@ddjustment
at the 95% Level of Confiden@eelisted below in feet.

Relative Dist ance Error

Network Average Maximum Av. Precision
Monitoring 0.0 08 0.0 10 1: 474,000
CGPS 0.00 4 0.0 04 1: 2,841,000

The precision ratidpased on the averages for vectors connecting the Monitoring Roioéeds the criteria for
a First Order (€l1) by a factor o#.7. The precision ratio forectors connecting AB§JAB20 and the CGPS
Stations exceeds the criteria for a B Order survey by a facg8per the FGCS requirements for the former
classification system

Coordinate Accuracy. The Standard Deviations (682&vel of Conidence)of the coordinateglerived from
Adjustment #1, relative to the CGPS Station PY@&®w in feet

Monitoring Point CGPS Stations
North East Up North East Up
Average Standard Deviation 0.004 0.003 0.009 0.00 2 0.00 2 0.0 05
Average 95% Error 0009 0.008 0.0 17 0002 0.002 0.005
Maximum Standard Deviation 0005 0.004 0.012 0002 0.002 0005

At the 95% confidence level, tlereragecoordinate has horizontal radius of circular error is 0.009 feet and
verticalof 0.016 feet witha max of 0.011 and 0.024 feet respectively.

Network Accuracy: The network accuradabsolute accuraaglative to the reference frajnis expected to be
less than 0.02 feet horizontal relatieethe NAD83 Datum based on the CGPS Station

NAVD88 Heights: The North American Vertical Datunf 1988 orthometric heights resulting from
Adjustment #2 are derived from tdéference irellipsoid heights combined with the Geoid 03 model and
constrained tohe height oPVE3determined in 20Q7Theaverage relative accuracy of theightsis 0.03 feet

at the 95% level of confidendmit maybe greater abbstructed siteS he absolute accuracy of the heights
relative to the datum is dependent on the published value on the CGPS StatioAMDI&h relative

elevation accuraciasanbewithin 0.03 feetup until October 2011 there weme requiremerd for vertical
accuraciesln October 2011a preference of 0.03 foatlativeverticalaccuracy was instigated for the following
points:AB17, AB57, CR07, CR50 and CRSh the Septembe2012 and subsequent survelys criteriawas
extended to all points

Movement Accuracy. For this period48 pointsmowvedless tharD.30 feetwith an averagenovemenof 0.03
feetand a range of 0.01 to 0.08 fe€herelative error at the 95% Level of Confiderseeraged.015 feet with
arange of 0.006 to 0.028 fe@verall, theestimated®5%relativemovemenerror averaged 016 feet with a
range of 0.06to 0.@8feet No movements considered detected unless m@vement exceeds the 95% Error

9
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for individual pointsSeet h e a t MO¥EMENTIDATA POSTING for the estimatedelativemovement
errors at the 95% Level of Confidence fodividual pointsfor anyperiod

QUALITY CONTROL - QUALITY ASSURANCE (QAQC) ANALYSIS

To ensure the accuraend validityof themeasuremergystems used in the@&NSSmonitoringsurveys an
independentestwas mades si ng conventional terrestrial based
ANALYSI SO0 secti on ®dnitoting SBurvEyeRppor€omparing hexe@tsof the GNSS
systemswith conventional instrumentatidound horizontal measuremenagree 0.01 feeton averageln
November of 2011 the GNSS instrumeaitsl fixed height polessed in this survey were caldted on the Santa
Maria National Geodetic Survey Baseline and found to agree with pubdgtadce$.003 to 0.006 feet

To validate theadialsurveymethodused in these surveys position points from base stat®AB61 and
AB20, independenGNSScross connections were measured and comparedheistand aloneomputed
inverse distancein the2007, 2008 an@009surveys The resultsoundthetwo dimensionahccurag to agree
0.01 feeton averaggndicating the adial methodf measuremenis reliableand theadditionallabor cost of

measuring cross connection between pointsis notwartéhtede t he A QAQC ANALYSI S0

September 2007 and the December 2008 Monitoring Survey Reports for detailed .analysis

Deflection Analysis i@ method established by this surveyoassess the consistencytloé direction of
movements reportefdom period to periodAssuming that movements are generally lifeapoints moving
less than a ¥ fopthe separation or the deflection between thectibn of the previous and present periods
taken over the moved distaniogplies the accuracy obtained with tequipment, methods and procedures.
Analysis of individual deflections indicates that for points with multiple occupations the separatiod® \Hr
to 0.02 feet

SUMMARY

Prior to September 2003y ccessive coordinate differences were used to compute movements evhath d
provide statistical information about the relatmevementaccuraciesBeginning with thenitial 2007 survey,

field and office procedureseredesignedo assure the accuracy and reliability of measurements and provide for

gueries between epochs that include statistical information about the relative precisions of the reported
movementsThereaftermeasurement démporal movemen@rebased on a rigorous simultanedeast
squareadjustment ofnultiple observationsat two different epoch®r each point

The resultof theOctober 4, 2013 t&eptember 4, 2014 monitoring periodndicatesthe relative accuracy of
the reportednovemets averaged.016feet at the 9% Level of ConfidenceStatistically,the probability at the
95% level of confidencis that movement (signal) has occurred at a point when the horizontal dibeneen
two epochss greater thathe 95% Error (noisebee thdiMovementDa t a  Pforsalisting gf the 95%
Error estimategrange0.006 to 0.@8 feef). Applying this criteria, 17 points have not moved

BetweenOctober 4, 2013 to September 19, 20115 months) pointsmoved 0.02 to 1.65 feet and 4.6 feet for
4.5 months at PB&in the Portuguese Bend LandsligRB##), 0.01 to 0.06 fedh the Abalone Cove Landslide
(AB##), and0.01to 0.05in the Klondike Canyoi(KC##). See the Contours of Horizontdbvementin the
Appendix for a graphical representation of the movements

See heattached MOVEMENT DATA POSTING" spreadshedor overall and periodic movemerg§each
point The movements are given in north, east and up or down as well as a velistairade and direction
relative to northThe direction is given as an azimuth in degrees where 0° isarmttincreases clockwis@@
East,180° South, 270 Wes). The overall movements are from the beginning posiiogach pointvhich
variesbetween 1994 anithe present for newly established points
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McGEE SURVEYING CONSULTING
5290 Overpass Road, Ste#107, Santa Barbara, CA 93111

The presenlisting andstatus of monitadpoints isprovidedin the Appendix undefMonitoring Point Statu's
The historical status @l monitoring points iprovidedin the September 2007&ey ReportThe historical
19942006 positions of all points are listedtire Charles Abbott Associates Irfde "ALL POINTS MOST
RECENT OBSERVED POSITION AS OF SEPTEMBER 15, 2866 attachedas an electronic fileo the
2007 Report

RECOMMENDATION

An ongoing relocation program for monuments has long term benefits resulting in better accuracy lower cost
surveysdue to improved sky visibility for tracking satellitds this SeptembeR014 survey,no monuments

were relocated PointsAB16, AB24 and AB5&ave limited sky visibilityand should be rcaiedor deleted

AB12 is in a horse corral and has limited access

Attachments: The following documenis attached to this Report
fiPB MOVEMENT DATA POSTIN@ lists thecoordinates of thanitial positions the overall and periodic

movement®f monitoring pointsince2007and theNAD83(2007.00)State Plane Coordinates aNAVD88
Heights.

SURVEYOR'S STATEMENT

This Report on the criteria, procedures and results of the September 19,

2014 City of Rancho Palos Verdes Portuguese Landslide Monitoring

Survey was prepared by me January 7, 2015 at the request of Ron

Dragoo, Assistant City Engineer of the City of Rancho Palos Verdes.
ekt A

Michael R. McGee P.L.S. 3945

APPENDIX

12- Contours of Horizontal Movements

13- Aerial Photo and Oblique Aerial View of Monitoring Points

14- Monitoring Point Status

15 Coordinate ListSept. B, 2014 SurveyNAD83(2007) Geodetic, Grid Coordinates, NAVD88
17- Addendum Reportftor the Februar 7, 2015 Partial Monitoring Survey
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Contours of Horizontal MovementsOct. 4, 2013 toSept 19, 2014

———— blue contours = 0.025' interval
—-——- green contours = 0.1' interval
seemeeeeeee f€d cONtours = 2.0° interval

MO0 denct tori 2
A=0.00" denotes huﬁzomd”mn;nncﬂ

Contour of Horizontal M ovementsOverlayed on an Aerial Photo
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Aerial View of Monitoring Pointsi (Photography Dated04/23/2014) (north up)

Obligue Aerial View of Monitoring Points (looking north)
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